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1
WAFER EDGE INSPECTION ILLUMINATION
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional application of U.S. patent
application Ser. No. 13/062,852, filed May 31, 2011, and
titled “Wafer Edge Inspection”, now U.S. Pat. No. 8,426,223,
issued Apr. 23, 2013 that claims priority to U.S. national stage
application claiming priority under 35 U.S.C. §371 to Inter-
national Application Serial No. PCT/US2009/056208, filed
Sep. 8, 2009, which claims the benefit of U.S. Provisional
Patent Application Ser. No. 61/095,207 filed on Sep. 8, 2008;
the teachings of all of which are incorporated herein by ref-
erence.

BACKGROUND

1. Technical Field

The present invention relates to an inspection system that
inspects an edge surface of a semiconductor wafer or like
substrate such as a microelectronics substrate to identify
defects.

2. Background Information

Over the past several decades, the semiconductor has expo-
nentially grown in use and popularity. The semiconductor has
in effect revolutionized society by introducing computers,
electronic advances, and generally revolutionizing many pre-
viously difficult, expensive and/or time consuming mechani-
cal processes into simplistic and quick electronic processes.
This boom in semiconductors has been fueled by an insatiable
desire by business and individuals for computers and elec-
tronics. Therefore, there is a need for faster, more advanced
computers and electronics. To satisty this need, quality and
efficiency is required, whether it be on an assembly line, on
test equipment in a lab, on the personal computer at one’s
desk, or in home electronics and toys.

Manufacturers of semiconductors have made vast
improvements in end product quality, speed and performance
as well as in manufacturing process quality, speed and per-
formance. However, there continues to be demand for faster,
more reliable and high performing semiconductors. To assist
these demands, better inspection is necessary to increase
yields. One area that has been generally ignored is the edge of
the semiconductor wafer. It is believed that inspection of such
edge area will lead to better information on defects, thereby
enabling improved process control and improved wafer
yields.

In the past when attempts to inspect the edge of a semicon-
ductor wafer were made, it was generally performed manu-
ally with the naked eye of a human operator. As with all
human inspection, repeatability, training, and capture rate are
subject to flux. It has recently been discovered that edge
inspection is important for detecting delamination of thin
films, chipping and cracking of the wafer, resist removal
metrology, and particle detection that all cause yield issues in
a modern fab. Furthermore, the edge of the wafer is a leading
indicator of process status, and by monitoring the edge of the
wafer for changes in appearance, tighter process control can
be implemented.

SUMMARY

Aspects of concepts presented herein relate to a wafer edge
inspection. In one aspect, a wafer edge illumination system
includes a diffuser forming a slot accepting a wafer edge. The
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diffuser radiates lambertion light onto the wafer edge. At least
one light source is directed at the diffuser with substantially
no stray light being emitted. A pair of baffles are positioned on
either side of the diffuser to prevent stray light from contact-
ing the diffuser and from escaping the diffuser.

In another aspect, a method for inspecting a wafer includes
positioning a wafer with respect to at least one imaging device
and capturing at least one image of at least a portion of a wafer
edge. The image is analyzed to identify an edge bead removal
line. A wafer processing step is modified based on the iden-
tification of the edge bead removal line. The image can be
color and/or grayscale in various embodiments. Moreover,
the portion of the wafer edge can be a top surface of the wafer
and/or a surface normal to the top surface.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of an edge inspection sys-
tem.

FIG. 2 is a schematic side view of a wafer edge.

FIG. 3 is a schematic top view of a wafer edge.

FIG. 4 is a schematic view of a sensor.

FIG. 5 is a schematic side view of a sensor and wafer edge
illustrating variations in a depth of field.

FIG. 6 is an isometric view of an illumination system.

FIG. 7 is a schematic sectional view of an illumination
system illuminating a wafer edge.

FIG. 8 is a flow diagram of a method for edge inspection.

DETAILED DESCRIPTION

Currently, systems use only grey scale intensity to identify
the location of Edge Bead Removal (EBR) lines. This works
very well in most instances, but can suffer from a lack of
resolution in some circumstances, leading to difficulties in
determining the exact location or orientation of an EBR line.
The use of color to enhance EBR line identification and
tracking represents a significant improvement as many fea-
tures present at the edge of a semiconductor wafer, often as a
result of the size and/or nature of the materials themselves,
present a strong palette of colors to an imaging system used in
the inspection process.

One embodiment of the present invention separately ana-
lyzes each selected color channel, including grey scale, and
combines the results of these analyses to obtain their results.
As a matter of economy, the analysis of only a single color
channel will be described herein.

One benefit of the present invention is that those images
captured for the purpose of identifying and tracking EBR
lines can be simultaneously used to identify defects at the
edge of a wafer. Accordingly, some embodiments of the
present invention will carry out multiple tasks, e.g. defect
inspection, wafer metrology, and/or EBR inspection, simul-
taneously. Other embodiments may be primarily single pur-
pose.

A suitable optical system for use with the present invention
is described in U.S. Pat. Nos. 6,947,588 and 7,366,344 to
Sim, which patents are jointly owned herewith and are incor-
porated herein by reference in their entirety. FIG. 1 illustrates
an embodiment of an inspection system 100 having a wafer
support 102 mounted on a stage mechanism 104 that is
adapted to laterally translate the wafer support 102 for align-
ment purposes. Wafer support 102 is rotated by motor 106 and
the resulting rotation is monitored and reported to controller
110 by rotary encoder 108.

Images of the edge of a wafer W are captured by sensors
120, 122, and 124. Each of the sensors 120, 122, and 124
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includes a camera 121, 123, and 125. Cameras 121, 123, and
125 include suitable optics and an imager such as a CCD or
CMOS chip. Note that while system 100 illustrates three
sensors 120, 122, and 124, fewer sensors may be included.
For example, in one embodiment the invention consists only
of sensors 120 and 124. In other embodiments, system 100
may include only sensors 120 and 122 or only sensor 122.
Other combinations will be readily apparent to the skilled
practitioner. Sensors 120, 122, and 124 are communicatively
coupled to a controller 110 which controls the system 100 as
more fully described below.

With reference to FI1G. 2, a wafer W has an edge 130 which,
for convenience’s sake, may be divided into a number of
zones or regions. An edge top zone 132 which may include a
resist layer 133 or other films or structures formed on the top
surface of the wafer W, an edge normal zone 134, and an edge
bottom zone 136. Note that the aforementioned zones or
regions overlap one another at the upper and lower bevels
138, 140 of the wafer edge 130. For example, an image of the
edge top zone 132 may include portions of resist layer 133
and portions of the upper bevel 138 of the wafer W. It should
also be kept in mind that the chamfered geometry of the wafer
edge 130 illustrated in FIG. 2 is only one type of wafer edge
geometry. A profile of a wafer edge 130 may be chamfered as
shown or may have one of a number of curvilinear shapes,
including a bull nose profile or an elliptical profile. In any
case, the zones described above are useful for discussing
imaging and inspection issues relating to the edge 130 of a
wafer W.

Resist layer 133 is representative of the layers and struc-
tures that form semiconductor devices on a wafer W. The
sharp boundary 133a of layer 133 represents an edge exclu-
sion boundary. In general it is not acceptable to form layer 133
beyond boundary 133a as the materials that form layer 133
will not generally stay reliably adhered to the wafer edge 130
in zone 132. Boundary 133« is formed by any of a number of
masking, spin coating, etching (wet or dry), cleaning (wet or
dry), or mechanical polishing techniques. Failures or varia-
tions in any of the aforementioned techniques, in the materi-
als used, or in the conditions under which the process takes
place may cause variations at the edge of a wafer that can lead
to damage or degradation to the wafer W itself or, more often,
to the devices formed thereon.

FIG. 3 is a top schematic view of a portion of a wafer edge
130. Note that this schematic image is normalized such that
the curvilinear edge of the wafer W appears to be straight. It
is an ideal consideration for all layers 133 formed on a wafer
W to end at boundary 1334, shown in its nominal position in
dashed lines. In practice however, it is often the case that
deposited materials such as photo resist and the like will be
deposited in a much more variable manner. As multiple layers
of resist can be formed on a single wafer W, issues related to
this variability can arise. For example, where a first resist (or
other material) layer 142 extends past boundary 133a, it
becomes more likely that the portion that extends beyond the
boundary 133a will break off, thereby contaminating the rest
of the wafer W. A subsequent layer of resist (or another
material) 144 that is intended to be adhered to layer 142 may
also flake or chip away due to the likelihood of the underlying
layer to flake or chip. Further, where an underlying layer, such
as layer 142 is intended to fully cover the wafer W itselfor a
layer that lies beneath the underlying layer 142 but does not,
the layer 144 deposited thereover may not adhere at all. For
these and other reasons, it is undesirable for layers such as
layers 133, 142, and 144 to extend beyond the nominal
boundary 1334. Similarly, it is also undesirable for the edges
oflayers such as layers 133, 142 and 144 to cross one another.
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In one embodiment, sensors 120, 122, and 124 are adapted
to capture images of edge top zone 132, edge normal zone
134, and edge bottom zone 136, respectively. Further, sensors
120, 122 and 124 also capture images of the upper and lower
bevels 138, 140 of the wafer edge 130. Sensor 120, being
located above the wafer W and directed generally downward,
may capture an image of resist layer 133. Sensor 120 may be
arranged such that an optical axis thereof is substantially
normal to the surface of the wafer W or inclined at an oblique
angle. Sensor 124 essentially mirrors the arrangement of sen-
sor 120 and may be arranged at a normal or oblique angle to
the under-surface of the wafer W. Sensor 122 is generally
placed such that an optical axis thereof is substantially in the
plane of the wafer W. In one embodiment, the optical axis of
sensor 122 is arranged normal to the edge 130 of the wafer W.
In another embodiment, sensor 122 may be arranged at an
oblique angle to the wafer edge 130. In both instances, the
sensor 122 remains substantially in the plane of the wafer W
s0 as to enable the sensor 122 to capture images of both the
upper and lower bevels 138, 140 of the wafer edge 130. It is
contemplated that the sensor 122 may also be arranged out of
the plane of the wafer W, in either of a normal or oblique
relationship to the wafer edge 130, so that the sensor 122 may
capture more of the upper or lower bevels 138, 140 in a single
image. In this embodiment, more than one sensor 122 may be
provided so as to capture more of the upper and lower bevels
138, 140 simultaneously.

Sensors 120, 122 and 124 are, for the sake of brevity,
assumed to be essentially the same; accordingly, only sensor
122 will be described in detail. Differences between the sen-
sors 120, 122, and 124 will be noted where appropriate. FIG.
4 illustrates schematically a sensor suitable for use in the
present invention. It is noted that the illustrated sensor is what
is known as an area scan sensor in that it captures a two
dimensional image. It is also possible to use a line scan sensor
arrangement which is not shown.

Camera 123 of sensor 122 includes optics, in this embodi-
ment consisting of lenses 150 and 152, and an imaging chip
154. These elements are generally located in a housing 156.
Taken together, elements 150-156 form a camera. While only
two lenses are illustrated, it will be appreciated that the num-
ber of lenses may be increased or decreased and that addi-
tional optical elements such as filters and polarizers may be
included, depending on the application. Additional elements
(not shown) such as electronics for capturing signals from the
imaging chip 154 and transmitting them to a controller 110
are included in the housing 156.

The imaging chip 154 may be any suitable device including
a CCD or CMOS chip that has the requisite pixel count, pitch,
and frames per second (FPS). In one embodiment, the imag-
ing chip 154 may be a CMOS Bayer chip having a native
resolution of 1280720 and a frame rate of >60 fps (frames
per second). Another embodiment may use a grey scale only
CCD imaging chip 154. Yet another embodiment may include
athree chip color camera having three separate imaging chips
154 of CCD or CMOS configuration.

The optical elements of camera 123 define an optical axis
125. These optics also define a field of view, which is the area
or size of an image that is captured by the camera, and a depth
offield 127. The depth of field 127 is that portion of the object,
in this case the edge 130 of wafer W that is in focus. Focus can
be defined a number of ways, but for present purposes, “being
in focus” will be defined as that a portion of an object (e.g.
wafer W) visible in the field of view that has sufficient clarity
orresolution for the purposes for which the image is captured,
in this case inspection of the edge 130 of a semiconductor
wafer W.
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The depth of the depth of field 127 is defined by the optics
used to capture an image and may be modified by moditying
or replacing various portions of the optics of the camera 123.
In one embodiment, the act of focusing the camera 123 at a
particular location on the wafer edge 130 involves moving
lens 150 along optical axis 125 as indicated by arrow 129.
Those skilled in the art will recognize that other methods of
moving the depth of field 127 along the optical axis exist and
accordingly, the present discussion will be limited for brevi-
ty’s sake.

As seen in FIG. 5, the depth of field 127 can be moved, step
wise or continuously, across substantially the entire wafer
edge 130, thereby capturing images of substantially the entire
wafer edge 130, the images each having at least a portion of
the wafer edge 130 in good focus. Taken together, the images
include substantially all of the wafer edge 130 in good focus.
Ideally, one could design an optical system for camera 123
having a large enough depth of field 127 such that the entire
wafer edge 130 may be imaged in focus in a single instance.
While such optics are possible, they are considered to be far
too expensive.

Iluminating the edge 130 of a wafer W is a difficult propo-
sition. Silicon, from which most wafers W are made, is highly
reflective as are many of the materials applied to the wafers W
during device fabrication. Other materials such as bottom
antireflective coatings (BARC) absorb most light incident
thereon. These variations, taken together with the complex
geometry of the wafer edge 130, make a one-size-fits all
approach to illumination problematic.

Different approaches to illumination are used to identify
different types of defects or features on a water W. Brightfield
illumination, involves directing light onto a surface being
imaged in such a manner that the light, upon specular reflec-
tion, will be directed into or collected by the imager. Under
brightfield illumination conditions, contrast in an image is
obtained through the scattering of incident light onto optical
paths that are not collected by an imager. Accordingly, the
object being imaged appears bright and defects or disconti-
nuities that scatter light appear dark, i.e. dark against a bright
field. Darkfield illumination involves directing light onto a
surface being imaged in such a manner that the light, upon
specular reflection, will be directed away from an imager.
Under darkfield illumination, contrast is obtained by the scat-
tering of incident light onto optical paths that are collected by
an imager. In this setting, the object being imaged appears
dark and defects, particles and other discontinuities that scat-
ter light appear bright, i.e. bright on a dark field.

In general, brightfield illumination is useful in illuminating
features and variations within the otherwise specularly reflec-
tive wafer W that have generally smooth surfaces, e.g. layer
boundaries, color variations and the like. Darkfield illumina-
tion is useful in illuminating features, particles and variations
in or on the wafer W that are discontinuous or which have
features that would tend to scatter light. It will be appreciated
then, that when one desires to inspection a wafer edge 130 for
the existence of chips, cracks, particles, EBR lines, and pro-
cess variations, it is desirable to utilize a combination of
brightfield and darkfield illumination.

FIGS. 6 and 7 illustrate one embodiment of an illumination
system 160 for a sensor 122 intended primarily for illuminat-
ing region 134 of wafer edge 130, including wafer bevels 138
and 140, though as will be described hereinbelow, the diffuse
nature of this illuminator provides sufficient illumination to
regions 132 and 136 for imaging portions of those regions as
well. [llumination system 160 includes a diffuser 162 that
receives illumination from one or more optical fiber/conduit
sources 164. Diffuser 162 is mounted on a bracket 166 such
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that an aperture 167 is positioned around wafer edge 130 as
illustrated in FIG. 7. Baffles 168 isolate diffuser 162 from
illumination from sources other than fiber sources 164. The
diffuse light from diffuser 162 is incident on the wafer edge
130 to provide what is essentially brightfield illumination of
the wafer edge 130, though it should be understood that the
diffuse nature of the incident light means that some portion of
the illumination is incident on the wafer edge 130 in a dark-
field manner with respect to a sensor 120, 122 or 124.

Ilumination sources 164 transmit light using low loss opti-
cal conduits or fiber directly to the diffuser 162 from a suit-
able light source coupled thereto. In one embodiment, optical
fibers (not shown) of source 164 are placed directly in contact
with the diffuser 162 by lugs 165 which are themselves
coupled to the bracket 166. In other embodiments, the sources
164 are positioned immediately adjacent to the diffuser 162
so0 as to direct substantially all of the light provided by the
sources 164 into the diffuser and minimize the amount of
stray light introduced into the environment of sensor 122.

Baffles 168 prevent the incidence of light from darkfield
illumination sources onto the diffuser 162, thereby providing
auser of a system to cleanly separate brightfield and darkfield
illumination channels. Note that though darkfield illumina-
tion was defined above, illuminators that provide substan-
tially only darkfield illumination are not illustrated for the
sake of brevity only. Those skilled in the art will readily
appreciate that darkfield illumination can be at any angle and
azimuth of incidence upon the wafer W so long as the incident
light is not specularly reflected into the sensor being used to
image the wafer W. Baffles 168 are particularly useful where
a sensor 120 or 124 is used to image regions 132 or 136,
respectively, using darkfield illumination (see e.g., DF on
FIG. 1, indicating a darkfield illumination source coupled to
sensor 120 and/or 124) while sensor 122 is used to simulta-
neously image wafer edge 130 using brightfield illumination
see e.g., BF on FIG. 1 indicating a brightfield illumination
source coupled to sensor 122) from diffuser 162. Where the
field of view of sensors 120 and 124 are sufficiently close to
that of sensor 122, the likelihood of stray light is increased
and baffles 168 act to cut down such light. In some embodi-
ments, darkfield illumination in the form of a laser or high
intensity broadband source (not shown) is directed onto wafer
edge 130 within the field of view of the sensor 122. In this
embodiment, both bright field and darkfield illumination are
possible simultaneously and the baffles 168 prevents the
darkfield illumination from being incident on the diffuser
162.

FIG. 7 is a cross-section illustration of illumination system
160 from the side. Edge 130 of wafer W is received in aperture
167. Light provided to diffuser 162 by fiber sources 164 is
re-emitted by diffuser 162 and is incident upon wafer edge
130 in a diffuse, Lambertian fashion. The diffuse nature ofthe
light incident upon wafer edge 130 results in illumination of
the wafer edge 130 that is both brightfield and darkfield in
nature, though brightfield type illumination predominates. In
one embodiment, images of the wafer edge 130 are captured
by sensor 122 through a bore 169 through the otherwise solid
diffuser 162 which is radially oriented to the wafer W. In
another embodiment, diffuser 162 is solid and sensor 122 is
directed at wafer edge 130 at an angle to the radial direction
of the wafer W or as described in US patent application no.
20070057164, which is jointly owned herewith and hereby
incorporated by reference, with illumination system 160
being oriented so as to illuminate the field of view of sensor
122 (and/or sensors 120, 124).

While illumination provided by fiber sources 164 is some-
what attenuated by the diffuser 162, the fiber sources 164 are
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able to provide high levels of illumination that provide more
than enough illumination for sensor 122 to capture images of
the wafer edge 130. The efficiency of the illumination through
diffuser 162 is such that illumination of light absorbing sub-
strates or light absorbing materials on otherwise diffuse or
specular substrates is possible without creating large amounts
of stray light that negatively affect image quality of images
captured by sensor 122. Further, the use of sources 164 allows
light sources (not shown) such as arc lamps, lasers, bulbs or
other sources to be positioned remotely from the location at
which the wafer W is imaged to simplity system design and
packaging. In some embodiments the illumination provided
through sources 164 to diffuser 162 is monochromatic. In
other embodiments the light is polychromatic in nature. Fur-
ther, multiple sources each providing one or more wavelength
or wavelengths may be provided to introduce light into
sources 164.

As can be seen in FIG. 5 the depth of field of sensor 122 (or
sensors 120 or 124) may not encompass the entire wafer edge
130. However, using image fusion techniques, multiple sub-
stantially registered (aligned) images of a selected part of the
wafer W can be concatenated to provide a composite image
having high resolution and wherein substantially the entire
portion of the wafer edge 130 contained in the image is in
proper focus. The concatenation process selects those por-
tions of each of a set of registered images that is substantially
in focus and places them in the resulting composite image.

Asseenin FIG. 8, an edge inspection system 100 facilitates
the formation of composite images of the wafer edge 130 by
capturing images of the wafer edge 130 while moving the
depth of field 127 inwardly or outwardly as needed in a
stepwise or continuous fashion. The wafer 130 may be
rotated, stepwise to sequentially present substantially the
entire periphery of the wafer W. Each portion of the periphery
may be scanned in a stop-and-shoot type of arrangement or
the wafer may be continuously rotated and illumination sys-
tem 160 may be operated in a strobe illumination schema to
freeze the motion of the wafer as it rotates, one image of each
set of registered images being captured on each rotation. In
this manner, substantially the entire wafer edge 130 is imaged
in the proper focus, though the various properly focused
portions are distributed amongst the set of registered images.
(Step 180)

Multiple image processing techniques exist for mathemati-
cally identifying those portions of an image that are in focus
and concatenating or combining the focused portions to form
a composite image. Some of these techniques may include
linear superposition, nonlinear methods, optimization
approaches, artificial neural networks, image pyramids,
wavelet transform, and generic multi-resolution fusion
schemes. (Step 182)

Once composite images of the periphery of a wafer are
formed, those images may be inspected as described in US
patent application no. 20080013822 to Pai et al, which appli-
cation is jointly owned with the present application and
hereby incorporated by reference, or the composite image
may be inspected as described in U.S. Pat. Nos. 6,947,588 or
7,366,344 to Sim, which patents are jointly owned herewith
and hereby incorporated by reference. (Step 184) Note that
the multiple composite images obtained at step 182 may be
further compressed in step 184 during the inspection process
as described in the aforementioned patent application and
patents.

As described in US patent application no. 20080013822 to
Pai et al, which is jointly owned herewith and hereby incor-
porated by reference, finding and analyzing EBR lines at the
edge 130 of a wafer W is an important task. In addition to
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discriminating EBR lines based on grayscale intensity, it is
desirable to perform EBR line analysis and inspection using
color as a discriminator. In one embodiment, images are
deconstructed to identify RGB, HSV, HSL, HIS or HSB
(color measurement scales) values for each pixel in an image.

In addition to the analysis and inspection of EBR lines
using images captured using an edge top sensor 120 as
described in the aforementioned application no.
20080013822, it is also possible to analyze EBR lines using
images captured from edge normal sensor 122. As will be
appreciated, it is not necessary to normalize the edge normal
images to account for the possibility that the wafer is off
center on its support 102, however it is necessary to account
for the fact that the periphery of a wafer is not likely to be
perfectly flat and that as a result, the edge normal image ofthe
wafer edge 130 will “move” vertically around the periphery.
However, because the top and bottom surfaces of the wafer W
provide good references with relatively high contrast, it is a
simple matter to identify the upper and lower surfaces of the
wafer W in an edge normal image using a simple thresholding
routine as it is generally the case that because there is nothing
to reflect or scatter light above or below a wafer W in an edge
normal image, pixels located above or below the image of the
wafer edge 130 tend to be very dark and accordingly, the
relatively lighter wafer W can be distinguished. Adjacent
images may be vertically adjusted with respect to one another
before or after the image compression referenced in the afore-
mentioned application no. 20080013822. Once this vertical
normalization is complete, grayscale or color values are used
to identify EBR lines on the edge 130 of the wafer.

One reason color pixel characteristics have been found to
be useful is that on the edge 130 of a wafer, the significant
curvature of the wafer’s edge is such that there may be sig-
nificant linear features that are a function of the shape of the
wafer and/or the illumination or optics of the system 100.
Conversely, most EBR lines exhibit useful color signatures
that allow EBR lines to be distinguished from geometric
features of the wafer W itself. For example, in some embodi-
ments an EBR line will be formed by a layer of some material
laid down on the wafer W that has a characteristic color.
Because there is a sharp color-based gradient at the boundary
between two differently colored materials, greater resolution
of the EBR lines can be had.

In another embodiment, multiple analyses of the EBR lines
may be made on grayscale, RGB, HSV, HSL, HIS or HSB
bases and then compared to distinguish between native geom-
etry of the wafer and EBR lines present on the edge of a wafer.
In this way edges that may be indeterminate in one color
regime may be identified using other color regime. For
example, channels of color regimes may be cross referenced
or otherwise correlated with one another to provide additional
resolution information.

Conducting EBR analysis on edge normal lines is itself
useful alone or in conjunction with edge top EBR analysis as
edge normal images can provide information about whether
an EBR line extends below the apex of the wafer edge 130.
Note that EBR lines can be formed by actual layers of mate-
rial or by the absence of layers of material such as where an
etchant or other chemical changed the existing structure of the
wafer W. In this respect, edge normal images can provide
additional information as to the source of contamination,
cracks, chips or other problems with a wafer W.

Although specific embodiments have been illustrated and
described herein, it will be appreciated by those of ordinary
skill in the art that a variety of alternate and/or equivalent
implementations may be substituted for the specific embodi-
ments shown and described without departing from the scope
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of'the present invention. This application is intended to cover
any adaptations or variations of the specific embodiments
discussed herein. Therefore, it is intended that this invention
be limited only by the claims and the equivalents thereof.

We claim:

1. A wafer edge illumination system comprising:

adiffuser having a slot formed therein for accepting a wafer
edge, the diffuser being adapted to radiate lambertian
light onto the wafer edge;

at least one light source directed directly into the diffuser
with substantially no stray light being emitted and such
that light emitted by the diffuser is incident upon the
wafer edge in a diffuse, lambertian fashion;

a pair of parallel light baffles, each of the pair having a slot
formed therein for accepting the wafer edge and each
positioned to either side of the diffuser to prevent stray
light from contacting the diffuser and to prevent stray

5

10

15

10
light from escaping the diffuser such that the diffuser is
ahigh efficiency light source for illuminating the edge of
the wafer.

2. The illumination system of claim 1 wherein the at least
one light source is a brightfield illumination source and
wherein the system further includes a darkfield illumination
source for illuminating a field of view of the wafer edge
simultaneous with the illumination of the wafer edge by the
diffuser from the brightfield illumination source the baftles
acting to separate the illumination sources.

3. The illumination system of claim 2 wherein the bright-
field illumination source and the darkfield illumination
source are of different wavelengths.

4. The illumination system of claim 3 wherein there exists
substantially no optical coupling between the brightfield illu-
mination source and the darkfield illumination source.

#* #* #* #* #*
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